1: Introduction
The anterior cingulate gyrus (AC) has been the topic of an enormous amount of research in recent years and continues to be a focus of concentrated study. Experiments report activation of the AC in attentional, cognitive, mnemonic and emotional processes (Bench, Frith, Graby, Friston, Paulesu, Frackowiak, & Dolant, 1993; Carr, 1992; Duncan & Owen, 2000; Fazio, Perani, Gilardi, Colombo, Cappa, & Vallar, 1992; Garavan, Ross and Stein, 1999; Heyder, Suchan, & Daum, 2004; Kondo, Morishita, Osaka, Osaka, Fukuyama, Shibasaki, 2003; Markela-Lerenc et al., 2004; Ortuño, Ojeda, Arbizu, Lopez, Marti-Climent, Peñuelas, & Cervera, 2001; Pardo, Pardo, Janer, & Raichle, 1990; Posner and Peterson, 1990) . Kane and Engle (2002, 2003) suggest that executive attention is moderated by the prefrontal cortices, with an emphasis on the role of the dorsolateral prefrontal cortices as being primary to working memory (WM) to maintain information in an active, easily available condition. Saykin and colleagues (1992) propose the material specific or ipsilateral deficit model, which asserts that memory function corresponds to known cerebral function, viz., that the left hemisphere, particularly in the frontal and temporal regions, regulates verbal memory with similar regions in the right regulating visuospatial memory (according to language dominance).
Several theories relating to the role of anterior cingulate cortex (AC) in attentional and executive processes have been suggested without clarity of the interactions between the AC and prefrontal cortices (PFC), despite the probability that attentional processes are the most investigated function of the AC (Pardo, Pardo, Janer, & Raichle, 1990; Bench, Frith, Graby, Friston, Paulesu, et al, 1993; Posner & Petersen, 1990) . Positron Emission Tomography (PET) studies report bilateral metabolic reductions in the hal-00351888, version 1 -19 Jan 2009 hippocampal formation, thalamus, AC and frontal basal cortex in persons suffering from the amnesic effects of post-ischemic hypoxia, which offers support to the contribution of the AC in a network involving memory (Fazio, Perani, Gilardi, Colombo, Cappa, & Vallar, 1992) .
One prominent theory proposes that the AC detects the need for executive control and signals the PFC to execute the control (Markela-Lerenc et al., 2004) ; similarly, researchers propose that the AC is in effect a gating mechanism between the cortex and subcortical regions (Pizzagalli, et al 2003) . These two ideas are supported given that the AC receives inputs from regions involved in memory, emotion, reward, nociception, and autonomic functioning along with other subcortical nuclei (Bush, Luu and Posner, 2000) .
Studies report persons with lesions to the frontal lobes or removal of frontal regions may continue to perform within normal range on standardized intelligence tests but also do better on perceptual or memory tasks that persons with left or right temporal lesions, and persons with frontal lobe lesions are responsive to external stimuli; however, are distracted by them, yet have difficulty utilizing these stimuli as cues for behavioral regulation (Milner, 1995) . If we were to combine these theoretical concepts, it is reasonable to infer that the AC maintains a presidential role in executive attention; however, this attentive process is governed in the right hemisphere, mainly in the right dorsolateral prefrontal cortex (RPFC), while the LPFC dorsolateral left prefrontal cortex is more the governing force of working memory and reclamation memory processes, given that many of the regions active during working memory and episodic retrieval are also active during other types of tasks including visual attention (Cabeza, et al, 2003) .
The AC is divided into cognitive and affective divisions, and research indicates that
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persons with attention-deficit-hyperactivity disorder fail to activate the cognitive division during Stroop interference tasks. Similarly, research suggests the cognitive division of the AC is activated during divided attention tasks and the affective division is decreased in activation during cognitive tasks and vice versa (Bush, et al 2000) . Thus we would conclude that there is an underlying network involving DLPFC, AC and numerous other regions in which the AC deciphers, directs and blends memory and attention to form and maintain executive attention.
Neurofeedback techniques have been utilized in clinical and research settings for treatment of neurological and psychiatric disorders (Sterman, 2000 (Sterman, , 2001 Lubar and Lubar, 1999; Peniston and Kulkosky, 1989 , 1990 , 1991 , and continue to be a focal point for development of possible treatments for psychological disorders as well as discovery of functional processes. A recent fMRI study reports neurofeedback techniques initiating blood oxygenated level dependent (BOLD) changes in the AC, caudate and substantia nigra in AD/HD children (Levesque, Beauregard & Mensour, 2006) . LORETA neurofeedback (LNFB) is a recent advancement in the neurofeedback method (Congedo, Lubar and Joffe, 2004) offering the possibility to influence regions deep in the medial temporal lobes, limbic regions and regions at the base of the brain, such as the insular cortex, parahippocampal, lingual, fusiform, and orbital-frontal gyri, to which the contribution to surface EEG is poor. LORETA (Pascual-Marqui, 1995 , 1999 PascualMarqui, Michel, & Lehmann, 1994; Pascual-Marqui, 2002 ; Pascual-Marqui et al., 2002 , 2002a , 2002b ) is an inverse solution estimating cortical electric current density originating from scalp measurements, utilizing realistic electrode coordinates (Towle et al., 1993) for a three-concentric-shell spherical head model co-registered on a hal-00351888, version 1 -19 Jan 2009 standardized MRI atlas (Talairach, & Tournoux, 1988) approximate anatomical labeling of the neo-cortical volume is possible (Lancaster et al., 1997 (Lancaster et al., , 2000 .
In this study we use the three-shell concentric spherical head model implementation made available from the Key Institute for Brain-Mind Research, Zurich, Switzerland. In this implementation, the current density is mapped for 2394 voxels of dimension 7x7x7 mm covering the entire neocortex plus the AC and hippocampus. In conventional neurofeedback, electroencephalographic (EEG) activity is recorded at a particular scalp location. The physiological measurements are extrapolated from the signal and converted into auditory stimuli or visual objects that animatedly co-vary with the magnitude of a specified frequency or frequency band-pass region. Similarly, LNFB correlates the physiological signal with a continuous feedback signal; however, the physiological signal is defined as the current density in a specified region of training (ROT). This allows the continuous feedback signal to become a function of the intracranial current density and to covary with it. The advantage over traditional neurofeedback is increased specificity of the training. This study is part of an ongoing effort to investigate the simultaneous changes that occur in several regions of the cortex as a consequence of either traditional or LORETA neurofeedback training (Cannon, et. al., 2006 (Cannon, et. al., , 2007 Congedo, 2003 Congedo, , 2006 Congedo, Lubar & Joffe, 2004) . We sought to define the correlation structure of cortical regions directly involved in the self-regulation of the electrical activity in the AC, LPFC, RPFC and the differences between activation patterns extracted in six other regions; moreover, we examine specific frequency changes resulting from increasing and maintaining 14 -18 Hz in the ROT. Particularly; our study investigates the efficacy of hal-00351888, version 1 -19 Jan 2009 LNFB training within each of the regions of training (ROT) (see table 1) and the respective effects in these connected regions of interest (ROI) (see table 2 ). The effects of the training were assessed by means of a number of electrophysiological and statistical measures; also the efficacy of the training was assessed by means of pre-post training psychometric testing using subtests of the Wechsler Adult Intelligence Scale -Third Edition (WAIS-III). 
2:2 Procedures
Participants were prepared for EEG recording using a measure of the distance between the nasion and inion to determine the appropriate cap size for recording (Electrocap, Inc; Blom & Anneveldt, 1982 (Congedo, Lubar and Joffe, 2004; Cannon, et al., 2007) we designed to improve attentional processes by training individuals to increase 14 -18 Hz (low-beta) power activity in one of three ROT (see table 1 ); a three-voxel cluster of neurons in the left dorsolateral prefrontal cortex, a five voxel cluster of neurons in the right dorsolateral prefrontal cortex and compared them to a seven-voxel cluster of neurons in the cognitive division of the AC. In a preliminary session, the participants were instructed to control tongue and eye movements, eyeblinks, and muscle activity from forehead, neck, and jaws. This enabled the subjects to minimize the production of extra-cranial artifacts (EMG, EOG, etc.) during the sessions.
At the end of the preliminary session, they were informed of the inhibitory and reward
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aspects of the training. Standardized thresholds were then set and maintained for each participant. and auditory feedback and points were achieved when they were able to simultaneously maintain all conditions specified in table 3 (A and B and C). Maintaining all conditions for 0.75 seconds achieved one point. The auditory stimuli provided both positive and negative reinforcement, an unpleasant splat sound when the conditions were not met and a pleasant tone when they were. Similarly, the visual stimuli were activated when the criteria were being met, e.g., a car or a spaceship driving faster and straighter.
Alternatively, a slower car, driving in the wrong lane or the spaceship flying slow and crooked occurred when the criteria were not being met. The score for meeting the criteria was also seen by the participants in a small window of the game screen.
2:4 Data Collection
In contrast with studies utilizing traditional neurofeedback, the whole-head EEG data was continuously stored during the sessions. In addition, the participants in this study provided a written record of their experience, strategies, and mental processes employed to obtain points for each session during this training.
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2:5 Data Pre-Processing
All EEG data were processed with particular attention given to the frontal and temporal leads. All episodic eye blinks, eye movements, teeth clenching, jaw tension, body movements and possible EKG (Electrocardiogram) were removed from the EEG stream. Fourier cross-spectral matrices were computed and averaged over 75%
overlapping four-second artifact-free epochs, which resulted in one cross-spectral matrix for each subject and for each discrete frequency. These cross-spectral matrices constitute the input for LORETA estimation in the frequency domain.
2:6 Psychometric Pre Training Measures
We administered the Weschler Adult Intelligence Scale -Third Edition (WAIS-III) for a pre-training measure. Table 4 shows select mean pre training WAIS-III scores. In this study, we focus on seven ROIs, of which one is the active ROT (Table 1) and the other six, the secondary ROIs, have been found to be functionally associated to it. Table 2 lists the name of the ROIs, the number of voxels composing it; the Talairach coordinates of all voxels within the ROI and its Brodmann area/anatomical labeling.
After averaging across the four rounds within each session for each ROT, we conducted a
Pearson partial correlation analysis to assess a linear upward or downward trend of the current density changes in the seven ROIs according to ROT, using data in the training frequency range (14 -18Hz). This stage was conceived to individuate those ROIs in which current density amplitude tends to increase (positive correlation) or decrease to right are the ROI, the ROT, rho value and the probability of rho. Table 1 shows the results for the trained frequency. We will address these results by frequency in the following subsections. 
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The relationship between AC and cuneus maintains in this frequency and may reflect the encoding and retrieval processes relating to visual information processing and evaluative processes of performance, game, and attention to internal state. The LPFC, along with the AC, LSMG, and RPFC may suggest a role or primary encoding. The RPFC, AC and RPCG persist in this frequency; again it is plausible this is a primary right hemispheric attentional process. LSMG in this frequency. This is suggested to reflect an attentional process and possible integration of language for verbalization processes.
3:1:7 Learning Curves in Anterior Regions
Figures 7, 8 and 9 show the linear increase in current density over sessions, i.e.
the learning effect for each ROT and the effects of LNFB in the other ROT on that region. Figure 7 shows the linear increase for the AC as a result of LNFB training. This learning effect is significant. Training in the LPFC and RPFC appear to influence activity increase in this cluster of neurons within the AC at a higher degree than training in the AC. Training in the AC produces effects differently than training in either of the dorsolateral prefrontal regions. This pattern is similar in Figures 8 and 9 for the LPFC and RPFC respectively.
One partial explanation for the synchronous increase in the anterior ROIs for each
ROT is the HERA (hemispheric encoding/retrieval asymmetry) model (Tulving et al., 1994b; Buckner, 1996; Habib, et al, 2003) in which the idea that encoding and retrieval processes involving episodic and semantic memory initiate activity in the frontal lobes asymmetrically in idiosyncratic fashion. This is interpreted as the HERA model of the involvement of the frontal lobes in encoding and retrieval, which posits that the left frontal lobes are differentially more involved in the retrieval of general knowledge (semantic memory information); and encoding of novel aspects of incoming information into episodic memory, including information retrieved from semantic memory; while the right frontal lobes are more involved in episodic memory retrieval. Cabeza, et al (2003) suggests that similar regions are commonly active during working memory, retrieval and encoding tasks, and goes further to explain that other types of tasks such as visual
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attention also illicit activity in these regions. This activation pattern is affirmed in this study; however, we would posit that synchronous increase in activation does not infer synchronous function. RPFC and RPCG and a negative association with the cuneus; the parietal regions had nonsignificant values. The RPFC, on the other hand, shares a significant positive relationship with all regions except for the cuneus; this relationship is negative at significant levels and the RPFC shows non-significant effect for the RSMG. Table 6 Partial correlation analysis for the alpha 1 frequency (8 -10 Hz) relative to training (14 -18 Hz) for each ROT. In the table from right to left is the region of interest and correlation coefficient with region of training controlling for the remaining regions and the probability. hal-00351888, version 1 -19 Jan 2009 Table 9 Partial correlation analysis for the theta frequency (3.5 -8.0 Hz) relative to training in 14 -18 Hz for each ROT. In the table from right to left is the region of interest and correlation coefficient with region of training controlling for the remaining regions and the probability. Table 10 Partial correlation analysis for the delta frequency (0.5 -3.5 Hz) relative to training in 14 -18 Hz for each ROT. In the table from right to left is the region of interest and correlation coefficient with region of training controlling for the remaining regions and the probability. 
3:6 Psychometric Results
The results for the comparison between pre and post psychometric scores (stage IV) indicate that LNFB training produced a mean increase of 10 points as for all regions of training, with the AC being the highest at 11. This is not entirely unexpected due to the group having a higher pre measure. are shown to be functionally correlated (see introduction). Participants were able to increase activation patterns in each ROT over sessions at significant levels. We trained non-clinical subjects to increase 14 -18 Hz activity in a cluster of neurons within a limbic region (AC) and two clusters of neurons within regions in the dorsolateral prefrontal cortex (LPFC and RPFC) and attempted to reasonably and soundly describe the nature of the relationship between each of these neuronal populations with other neuronal populations within cortical regions that are identified in the literature as being active in tasks involving attention, mnemonic, cognitive and executive processes (Bush, Luu, Posner, 2000; Nyberg et al, 2002 .
In discussing executive attention we must take into consideration the limitations of the methods we utilized. When we refer to the respective ROIs; AC, RPFC, LPFC, LSMG, RSMG, RPCG and Cuneus -we are referring to regions delimited by a number of discrete brain volume elements (voxels) as defined by the standard head model we employed. Thus, the ROT (table 4) may be displaced as much as 3-4 cm. from the aimed ROI. Within these limitations, the data illustrates the efficacy of LNFB training.
However, it appears that this methodology does not offer the possibility to train individuals to increase or decrease specific frequencies in specific regions of the cortex.
Rather, it appears that networks of regions connected to the ROT are entrained at several frequencies. The data seems to illustrate the functional relationship between these three ROTs and clusters of neurons within six other ROIs according to frequency. The data suggests that neurofeedback in any given frequency is not restricted to effects for that particular frequency; rather there is cooperation among frequencies relative to task and ROI, in essence a layering-effect for task and frequency. If this is true, then LNFB may hal-00351888, version 1 -19 Jan 2009 be a tool to study or possibly influence and strengthen networks of related functional units in the brain. This speculation should be further studied. In the following subsections we will address the results according to region of training in an attempt to interpret the present results.
LNFB training 14 -18 Hz produces effects in delta frequency for each ROT, which is possibly related to the encoding of information relative to task; higher cognitive functioning is reported to involve slow synchronization of the delta or theta frequency over longer distances (Lubar, 1997) , while faster frequency bands are reported to involve local neuronal populations (von Stein, et al, 1999) . The RPFC, AC and RPCG show a consistent pattern of positive interactions as a result of training the cluster of neurons within the RPFC.
The theta frequency shows differential effects as a result of training in each ROT, and expounds a lesser degree of involvement for all regions; however, this may be a more specific to functional encoding of information from regions involved in spatial orientation, this is possibly attributed to the posterior regions being involved in the evaluation of visual and sensory information and encoding into memory, since the encoding of episodic (short term) and working memory processes seem to be reflected by oscillations within the theta frequency band (~4-8 Hz) Klimesch, Doppelmayr et al. 1999 ) within a thalamo-hippocampal-cortical system (Klimesch 1996; Burgess and Gruzelier 1997; Fell, Klaver et al. 2003) . During encoding the increase in theta is significantly larger for items that can later be remembered (Klimesch 1996; Klimesch, Doppelmayr et al. 2001) . Theta amplitude also increases with increasing memory load during a memory retention interval, reflecting a specific role for hal-00351888, version 1 -19 Jan 2009 theta in maintenance of the memory trace. Moreover, theta synchronization is maximal during retrieval, and the amplitude of Theta synchronization during retrieval predicts retrieval success (Klimesch 1999; Fingelkurts, Krause et al. 2002; Jensen and Tesche 2002) .
The alpha 1 frequency shows substantial differential effects as a result of LNFB training in each ROT. The training in the AC appears to increase communication between anterior and posterior regions of cingulate cortex, and encoding processes with LPFC.
The LPFC, on the other hand may be more involved in the strengthening of encoding and mnemonic processes relative language, attention to physical state and other sensory information. The RPFC on the other hand continues to show this consistent pattern involving RPFC, AC, LSMG yet no relationship with cuneus or LPFC. This is not the first occurrence of this, and offers evidence against the idea that the left and right PFC work in conjunction in memory processing. It may infer that the RPFC (at least this cluster of neurons) is directly associated to attentional monitoring along with the AC and RPCG, and possibly an effect for visual and spatial encoding of attentional and memory processes relating to the game and evaluation of thought processes needed to achieve the desired result. The alpha 2 frequency shows effects for positive associations in similar regions as alpha 1; however, the negative relationships for the dorsolateral ROT appear to become specific to posterior cingulate in this frequency. This result is the possible attention to working memory processes, that is to say the processing of external and internal stimuli requires an equal portion of attention from the right hemisphere. The alpha rhythm (~8-12 Hz) is generated mainly by corticocortical and thalamocortical neural networks (Steriade, Gloor et al. 1990; Klimesch, Schimke et al. 1994; ) and research suggests distinct roles for lower (~8-10 Hz) and upper (~10-12 Hz) alpha band activity in cognition. The lower band relates primarily to response readiness and attentional demands (Klimesch et al., 1992) , and plays only an indirect role in memory. By contrast, oscillations in the upper alpha band have been consistently observed during (semantic) long-term memory processes (Klimesch, Schimke et al. 1994; Klimesch, Doppelmayr et al. 1996; Klimesch, Doppelmayr et al. 1998) . In contrast to the theta band, higher alpha amplitude at rest, and lower alpha amplitude during task performance, (reflecting a large alpha suppression during task), is correlated with efficient memory performance in healthy adult subjects Vogt, Klimesch et al. 1998; Klimesch 1999; Stipacek, Grabner et al. 2003 ).
The beta frequency shows effects for all ROT as a reslt of LNFB training. The AC appears to be involved with more regions in this freuqncy. This effect is plausibly related to a learning effect, response conflict and resolution, motivation and goal direction, viz.
that the AC directs the other regions in both lower and higher frequencies necessary for completion of task and directs the RPFC to follow suit and coordinate the load for attention.
The partial correlations offer intricate details regarding the relationship between these ROIs and the effects if LNFB training in each ROT. The psychometric scores indicate that LNFB training influenced an increase of 10 points. The AC group averaged 11, which is not unexpected since this group scored higher at pre-testing. Figure 13 shows the individual post subtest scores for each ROT group. This graph shows the AC influenced higher subtest scores, except in the SS and CD subtests, while the LPFC and hal-00351888, version 1 -19 Jan 2009 RPFC show higher influence on SS. These scores and their correlations with the regions of interest are the topic of a more intense analysis for a future work. The subjective reports provided by the participants in this study provide a number of insights into the differences between hemispheric processing of the DLPFC and AC. Executive attention, memory, cognition and the roles of the AC and DLPFC and associated frequency patterns are areas of interest for our lab and future works will attempt to define and describe the specificity with which regions and frequencies interact to regulate executive attention.
Conclusion:
Given the dynamic processes of the brain and the intricacies of cortical networks, LNFB may be a plausible methodology for the training or strengthening of cortical networks, which in effect, may be the very source of the neurofeedback process. This will be a direction for further study. There are several noteworthy patterns revealed in this data in all frequencies; (1) it appears as if the AC and LPFC do not communicate with the RPCG at the same time in any given frequency; (2) the AC appears to share no direct afferent relationship with the RPFC, it is apparent that it receives information rather than projects information -it is possible that attentional processes are regulated by thalamic nuclei with afferents to this region in RPFC; (3) regardless of frequency, training in RPFC shows effects for AC and RPCG, it is possible this is the right hemispheric attentional network literature refers to and it is monitored by another specific region (4) AC and LPFC are significantly correlated in all frequencies, suggesting afferent and 
